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This invention relates to a process of stretching a poly 
meric ?lm, and more particularly, to a process of longitu 
dinally stretching a polymeric ?lm to enhance certain 
physical propertiesv thereof ‘and to reduce uniformly the 
thickness and ‘prevent excessive reduction in the width 
of the ?lm. ? I ' ' “ ' ' 

There are numerous synthetic linear organic polymers 
which a'repcapable of being' formed into translucent or 
transparent ?lms having excellent physical properties. 
Such ?lms‘ areihighly useful in a great'variety of applica 
tions, e. g., packaging, electrical applications, protective 
coverings, glass replacement, fabric replacement, etc. On 
the other ‘hand-certain physical properties of these ?lms, 
such" as tensile strength, impact strength, ?ex’ life, water 
vapor and organic vapor'permeability, are not competi 
tive with those of other types of ?lms, fabrics, etc. How 
ever,- in most instances, ?lms of synthetic linear organic 
polymer may be drawn or.stretched,‘i. e., elongated lon 
gitudinally and/or transversely to effect a' permanent 
change in the molecular orientation thereof with accom 
panying improvements in the'physical properties cited 
above. . > 

A great number of improved techniques and apparatus 
for stretching'?lms prepared’ from well known organic 
polymeric‘compositionshave been developed heretofore. 
However, in spite of such improvements, the main problem 
of producing a uniformly stretched ?lm is still encountered 
in known stretching techniques. A uniformly stretched 
?lm is one in which the thickness and width have been 
reduced uniformly. Under conditions of continuous 
stretching in the longitudinal direction, it is most desirable 
to‘ireduce the thickness of the ?lm to a'uniform caliper 
while uniformly reducing the width of the’ ?lm to a mini 
mum degree. ’ - . 

An object of'the present invention is to provide a con 
tinuous process of longitudinally stretching a polymeric 
?lm to improve", the physical characteristics thereof and 
produce a ?lm of uniform thickness or caliper. A further 
object'is‘to providea continuous process of stretching a 
?lm longitudinally while its widthwise dimension is re 
duced to only a minimum degree‘. A still further object 
is to provide .a‘ continuous process for uniform reduction 
in the widthwise dimension of the, ?lm while it is being 
longitudinally. stretched. 1 Other objects will appear more 
clearly from the description given hereinafter. ‘ 

' The above objects‘ are realized by the present invention 
which, brie?y stated, comprises forming from a synthetic 
linear-organic‘ipolymeric material, a'?lm having‘ beaded 
edges formed. to-cohtact the surfaces~ of stretching rolls, 
said beaded edges beingfrom about 0.125 ‘to about 0.5 
ofi'an inch in width and at least ‘twice the thickness of 
the main’ body'portion of the ?lm; and stretching said 
beaded ?lm longitudinally on‘ a series of smooth-surfaced, 
tension-applying rolls, while'maintaining the beaded edge 
and the main body portion-'of the ?lm for substantially 
its entire width in contact with the vsurfaces of the rolls. 
5"" I=~ have found that the longitudinal tension applied to 
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stretching rolls and headed edges of the ?lm- than exists 
between the main body surface of the ?lm and the‘stretch 
ing rolls. This additional friction serves to prevent exces 
sive transverse slippage or excessive “necking-in” (i. ve., 
reduction in ?lm width) during longitudinal stretching. 
Hence, by stretching a ?lm having beaded edges, the de 

1 crease in the widthwise dimension of the ?lm may be kept 
to a minimum, i. e., 10-15%; and the reduction in the 
thickness of the ?lm is uniform. Furthermore, when 
beaded edges are not provided, the reduction in ?lm 
thickness is not only irregular, but the reduction'in the 
width of the ?lm is both irregular and excessive, i. e., 
25-30%. This irregular reduction in the width of the 
?lm is known as “scalloping”; and such a condition results 
not only in excessive waste necessitated by trimming, but 
also results in process di?iculties and ?lm breakage when 
the longitudinally stretched film is to be stretched in the 
transverse direction by means of a tenter frame apparatus.‘ 
The process of the present invention is particularly 

adapted, and will hereinafter be speci?cally described with 
reference to ?lm of polyethylene terephthalate'described 
in U. S. P. 2,465,319. The present process,.however, is 
of broad scope and is fully applicable to ?lms formed 
from various other types of synthetic linear organic poly 
mers such as the polyamides, e. g., polyhexamethylene 
adipamide, polyhexamethylene sebacamide, polycapro 

' amide, and other types described in U. S. Patents 2,071,250 
and 2,071,253; vinylidene chloride; rubber hydrochloride; 
polystyrene; and various other polymeric materials which 
are stretchable at various temperatures. 1. 

In extruding a polymeric material into the form of, a 
?lm, there are a number of ways that maybe employed 
to provide ?lm with the necessary beaded edges. For 
example, the beaded edge may be cast directly by using 
hopper lips which have openings at both ends correspond; 
ing to the shape of a cross-section of the bead. On the 
other hand, when using hopper lips which are readily 
adjustable along the entire length of the lips, the width 
of the opening between the hopper lips may be increased 
at both ends of the hopper lips. On the other hand, it 
should be understood that a beaded edge may be provided 
by merely folding the edges of the ?lm’ over upon itself 
to provide edges which have a thicker cross-section than 
the ?lm itself. Such a technique may be useful when the 
?lm is formed by calendering instead of, by extrusion. 
Regardless of the manner in which a beaded ‘edge is 
formed, the bene?cial eifects of providing such an edge 
are obtained so long as the head is so formed that it will 
contact the surface of each stretching roll. I 
The thickness of the beaded edge must be at least twice 

the thickness of the ?lm before stretching. The use of 
beads appreciably thicker than twice the thickness of the 
?lm before stretching is usually not necessary. ‘Further 
more, for ?lm which is less than 0.005" in thickness,"beads 
greater than ten times the ?lm thickness should not be 
used; and in stretching ?lm which is greater than 0.005", 
the bead thickness should not be greater than ?ve times 
the ?lm caliper. Bead thicknesses greater than'the afore 
mentioned limits are impractical from the standpoint‘of 
the amount of work required to stretch excessively thick 
beads. Furthermore, the use of excessively thick beads 
results in the formation of unnecessary quantities of waste. 
With regard to the width of the beaded edge, a bead which 
is at least about 0.125" in width is satisfactory; and beads 
which are greater than about 0.25-0.5" are not necessary. 
On the other hand, the bene?cial effect of a beaded edge 
which is substantially less than 0.125” in width is measur 
ably reduced. 

Since stretching of ?lms of polymeric material such as 
polyethylene terephthalate is usually carried out at ele 
vated temperatures, the use of highly polished stretching 



rolls; is necessaryto maintain a smooth surface on the 
?lm being stretched; and this, in turn, preserves trans 
parency. In the case of stretching over rolls having 
roughened surfaces; the tendency for a ?lm‘to slip trans 
versely islesSened; but the process of the present inven-‘ 
tion is still vuseful in redu'cing'the amount of transverse 
slip to a. minimum. -In general, any arrangement of rolls 
which operates to stretch the ?lmlongitudinally may be 
employed for. purposes of this invention. For example, 
the stretching apparatus may-comprise two groups of 
driven rolls-disposed in parallel relationship; the rolls 
in the second group being'rotated at a greater surface 
speedl'than'that 'of the rolls in the ?rst group. The 
difference in'speed between thetwo groups of rolls deter 
mines the stretch ratio‘ (ratio of the length of the ?lm 
before stretching to the length of the ?lm after stretching). 

‘In some instances,’ it may 'be necessary to size the ?lm 
prior to stretching‘to‘prevent sticking of the ?lm to the 
surfaces of the rolls. Experience has shown that the 
thinner the ?lm being stretched, the more susceptible 
it is to sticking to the rolls, especially ?lm which must be 
stretched at elevated'temperatures. This is generally true 
of polyethylene 'terephthalate ?lm in calipers ranging 
from 0.00l—0.005". Furthermore, the degree to which 
a ?lm tends to stick'to the longitudinal stretching rolls 
also depends upon the actual'composition of the roll sur 
face and the degree of polish. In most cases, ?lm stick 
ing can be avoided by treating the ?lm prior to longitu 
dinal stretching with a suitable sizing composition. De 
pending upon the chemical composition of the ?lm, and 
also upon the ?lm caliper, there are numerous well known 
solid and liquid sizing compositions suitable for applica 
tion to the ?lm prior to longitudinal stretching. Usually 
only a relatively small amount of size .is necessary to pre 
vent sticking'; and,.in most cases, ‘an additional amount 
of a sizinglcomposition must be added to the ?nished 
?lm in'orderl'not only to improve the anti-static properties, 
but also to'iimprove slip and prevent matting. Excessive 
amounts of sizing added? to- a ?lm prior to longitudinal 
stretchingawill substantially reduce the bene?cial effects 
of following the process ‘of the present invention; that'is, 
excessive sizing‘ promotes excessive transverse slippage; 
and-the tenteringiaction. exerted by the beaded edges is 
greatly depreciated. Generally, when stretching a ?lm 
which-has a; ‘caliper greaterthan 0.005", a preliminary 
treatment with‘ a1 sizing is not necessary to prevent’ ?lm 
sticking‘. Various‘ suitable‘ sizing compositions for poly 
ethylene terephthalate ?lm comprise aqueous solutions 
containingv less than about 0.03% of each of a fatty 
alcohol sulfateiand-‘sodium chloride (a typical composi 
tion ‘contains an aqueous solution of 0.03% of sodium 
lauryl sulfate and-0.015% .of sodium chloride). Solid 
sizing‘c'ompositio'ns' which maybe employed include vari 
ous types of talcs. ' 
The following examples will further serve to illustrate 

the principles and practice of the present invention. I These 
examplesane to be read in connection with the accom 
panying drawing wherein: I - I 

Figure l is a‘ fragmentary cross-section taken trans 
versely of the ?lm and a'supporting roll showing beaded 
edges- of‘the ?lm,‘and the main body port-ion of the ?lm 
for substantially‘its- entire width, in contact with thevsur 
face of a stretching roll in accordance with this invention; 
and 

Figure 2 is a diagrammatic sketch of a suitable arrange 
ment of stretching rolls 

Example I . 

Amorphous polymeric polyethylene glycol terephthalate 
prepared by ester exchange between dimethyl terephtha 
late and'ethylene glycol in accordance with the general 
procedure described in U. S. P. 2,465,319 to Whin?eld and 
Dickson,‘ was extruded through'an extrusion hopper pro 
vided ‘with ‘adjustable hopper lips to forma ?lm of 
amorphous polymert‘zo” in‘ widthI ‘and 0.005"? in‘ thick 
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ness. Both ends‘of the lip opening of the extrusion hopper 
were widened to forma?lm'W (Fig.1) having beaded 
edges. The beaded edge was about 1A" wide and 0.010" 
in thickness. 
The ?lm was fed into a longitudinal stretching section 

comprised of three groups‘of horizontal, chromium plated, 
polished rolls disposed ‘in parallel. " rThe arrangement-is 
illustrated in Fig. /2. The ?rst-‘group ‘of ?ve,‘ Al-E'inclu 
sive (slow rolls), were positively driven at'a surface: speed 
of 15 yards per minute and were internally heated so that 
the surfaces were at a temperature‘betwee'n ‘80,-85‘1‘C.‘ 
The next group of nine,“'1-9 inclusive, were idler ‘r'olls 
heated to the same temperature’. The last group of ?ve, 
F-I inclusive (fast rolls), were ‘positively drivéni‘at a 
speed of 45 yards per minuteand were heated to 80-85“ 
C. Each roll was 30"‘wid'e by 4%" ‘iii outside diameter. 
The distance between the circumferences of adjacent slow 
rolls and adjacent fast rolls was 4". \The distance between 
the circumferences of the last slow roll and the ?rst-idler 
roll, the last idler roll and the ?rst "fast roll, and between 
adjacent idler rolls, was 0.04". As shown in Fig. 2,.alter-. 
nate rolls in the same group were in the same horizontal 
plane. The ?lm which was stretched 3X in the longi 
tudinal direction was of uniform caliper, and the reduc 
tion in the width of the ?lm was aboutvl0%. The caliper 
of the ?lm was 0.0018". Furthermore, the edgesof the 
?lm were substantially straight, and'no “scalloping” was 
observed. ’ ' 

Example II , 

As an example of what happens when-a ?lm having no‘ 
beads is stretched longitudinally-in the ‘above described‘ 
apparatus, a sample of ?lm 20”'-wide by'0.005” in thick~ 
ness was extruded and fed into the apparatus described 
in Example I under the same stretching conditions. ‘After 
longitudinal stretching, this ?lm‘ “necked-in” (was -re 
duced in width) ‘25-30% of its‘ original width; ‘and ‘the 
edges of the ?lm were scalloped,‘ which means that‘the 
width varied from ~1-4—l7”.-' In addition, the caliper‘ of‘ 
the ?lm was highly irregular and varied from 0.00.l-2"-' 
0.0028". s 

As mentioned hereinbefore, the friction between the 
beaded portion of a'?lm and the stretching‘rolls‘ is‘fsub-‘ 
stantially greater than ‘between the main‘ body surface of 
the ?lm and the roll surfaces; 'Such'frictioniis setup" by. 
the longitudinal tension applied toithe ?lm as it- moves 
through the longitudinal stretching rolls." Hence,'it ap 
pears that the beaded edges exert a tenteringaction which 
serves to prevent excessive transverse slippage of the ?lm. 
during longitudinal stretching. It isievident fromthe 
foregoing discussion that such. excessive transverse slip‘ 
page of the ?lm during the longitudinal stretching opera 
tion leads to the formation of ?lm'having non-uniform 
caliper and scalloped edges. ‘Furthermore, at higher‘ 
stretching rates, that is, above‘ about 25-30 yards per 
minute, excessive “necking-in” occurs when. stretchingza 
non-beaded ?lm. It is to be understood that-'several‘otlier 
factors taken into account ‘in designing the stretching rap 
paratus described hereinb‘efore, contribute substantially 
to preventing excessive “necking-in” of the ?lm-"during 
longitudinal stretching. For example, the use of idler rolls‘ 
between the slow and fast rolls aids in promoting ‘uniform 
stretching of vthe ?lm between‘the slow andfastw'rolls. 
Furthermore, it is necessary that the idler rolls be as close 
together as possible in order to maintain the effect of 
always having the ?lm in‘ contact .with- a roll‘ surface. Ex 
cessive “necking-in” will occur, especially at high stretch 
ing rates, if the idler rolls are too far apart; the greater the 
distance between the idler rolls, the more opportunity the 
?lm has to “neck-in” during'transfer from one roll to the 
other. Hence,"by having the idler rolls, over which all 
the stretching‘occurs, .as close together as possible, the 
effect of the ‘?lm. always being incontact with the roll 
surface is maintained. It is preferred that'the distance 
between adjacent‘ idler rolls, :the distance between the last 
slow roll and fthe ?rst‘idler roll-,randthe distance between 
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the last idler roll and ?rst fast roll should be no greater 
than 3~5 times the thickness of the ?lm before stretch 
ing. 
The process of the present invention applies only to 

longitudinal stretching carried out by using rolls driven at 
differential speeds. In the apparatus described herein 
before, the use of a number of rolls driven positively at 
the same speed serves to keep the ?lm under uniform ten 
sion and prevent longitudinal slippage. However, for the 
purpose of avoiding the use of a series of rolls driven at 
the same speed, various types of pinch rolls may be used 
to grip the ?lm securely after which the ?lm may pass 
directly to another pair of pinch rolls operating at a 
higher speed; or the ?lm may be passed through a series 
of idler rolls as used in the foregoing examples. 

It is evident that the process of the present invention is 
of particular advantage in continuous longitudinal 
stretching of a polymeric ?lm. On the other hand, when 
the ?lm is to be stretched in the transverse direction after 
longitudinal stretching, the beaded edge is of additional 
advantage in that it provides a satisfactory gripping ledge 
for the tenter clips which are used to stretch the ?lm 
transversely. 
As many changes may be made without departing from 

the spirit and scope of my invention, it is to be under 
stood that said invention is in no way limited save as 
set forth in the appended claims. 

I claim: 
1. A process for longitudinally stretching ?lm of syn 

thetic, linear, organic, ?lm-forming polymeric material 
which comprises shaping the longitudinal edges of the 
?lm in the form of a heading having a width of from 
about 0.125 to about 0.5 of an inch, and a thickness at 
least twice that of the main body portion of the ?lm, and 
stretching said ?lm longitudinally on and between closely 
spaced stretching rolls driven at differential speeds while 
maintaining the beaded edges of the ?lm and the main 
body portion of the ?lm for substantially its entire width 
in contact with the surface of said rolls and permitting 
said ?lm to shrink transversely. 

2. A process according to claim 1 wherein the poly 
meric material is amorphous polyethylene terephthalate. 

3. A process according to claim 2 wherein the ?lm is 
stretched at a temperature of from 80—85° C. 

4. A process for longitudinally stretching ?lm of syn 
thetic, linear, organic, ?lm-forming polymeric material 
which comprises shaping the longitudinal edges of the 
?lm in the form of a beading having a width of from 
about 0.125 to about 0.5 of an inch, and a thickness at 
least twice that of the main body portion of the ?lm, and 
passing said ?lm successively around each of a ?rst group 
of parallel rolls positively driven at a constant surface 
speed, and thence successively around each of a second 
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6 
face speed higher than the surface speed of said ?rst 
group of rolls, the adjacent rolls between which the ?lm 
is stretched being closely spaced while maintaining the 
beaded edges of the ?lm and the main body portion of 
the ?lm for substantially its entire width in contact with 
the surfaces of said rolls and permitting said ?lm to 
shrink transversely, whereby to longitudinally stretch 
said ?lm between said groups of rolls. 

5. A process which comprises extruding synthetic, 
linear, organic, ?lm-forming polymeric material in the 
form of a ?lm having beaded longitudinal edges, said 
beaded edges having a width of from about 0.125 to about 
0.5 of an inch, and a thickness of at least twice that of 
the main body portion of the ?lm, and stretching said 
?lm longitudinally on and between closely spaced stretch 
ing rolls driven at differential speeds while maintaining 
the beaded edges of the ?lm and the main body portion 
of the ?lm for substantially its entire width in contact 
with the surface of said rolls and permitting said ?lm 
to shrink transversely. 

6. A process which comprises extruding synthetic, 
linear, organic, ?lm-forming polymeric material in the 
form of a ?lm having beaded longitudinal edges, said 
beaded edges having a width of from about 0.125 to about 
0.5 of an inch, and a thickness of at least twice that of 
the main body portion of the ?lm, and passing said ?lm 
successively around each of a ?rst group of parallel, 
smooth-surfaced rolls staggered in two planes and posi 
tively driven at a constant surface speed, and thence 
successively around each of a second group of parallel, 
smooth-surfaced rolls staggered in two planes and posi 
tively driven at a constant surface speed higher than the 
surface speed of said ?rst group of rolls, the adjacent 
rolls between which the ?lm is stretched being closely 
spaced, while maintaining the beaded edges of the ?lm 
and the main body portion of the ?lm for substantially 
its entire width in contact with the surfaces of said rolls 
and permitting said ?lm to shrink transversely, whereby to 
longitudinally stretch said ?lm between said groups of 
rolls. 

7. A process according to claim 6 wherein the poly 
meric material is polyethylene terephthalate. 

8. A process according to claim 6 wherein the rolls 
are maintained at a temperature of from 80-85 ° C., and 
the speed of the rolls is such that the ?lm is stretched 
about 3 times its original length. 
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